Abstract
Introduction

59
In humans, lumbosacral epidural electrical stimulation can facilitate standing and voluntary 60 movement after complete motor paralysis (Harkema et al. 2011 ). It has also been shown that 
64
We have begun to examine how the potentials evoked via an epidural electrode array, are 65 modulated in the spinal circuitry, and projected to different motor pools. We also observed how 66 the epidurally evoked potentials are modulated by sensory input projecting to a spinal cord that 67 has not received any input from the brain for more than two years. These observations provide 
Methods
87
Participants
88
Three individuals with SCI participated in this study (Table 1) vertebral levels over the spinal cord segments L1-S1 as described previously (Harkema et al. 97 2011), were used to deliver electrical stimulation to the lumbosacral enlargement of the spinal 98 cord (Fig. 1) . The electrode array was positioned over the midline of the exposed dura. The 99 neurosurgeon performed the initial placement based on anatomical landmarks and fluoroscopy.
100
The array's location was also adjusted using electrophysiology during the surgery. Bilateral 101 evoked potentials from leg muscles were collected and evaluated in detail by spatial, temporal,
102
and amplitude characteristics, to optimize the location and symmetry of the electrode array 103 placement. Once the electrodes' position was optimized and confirmed, the array was sutured in 104 place.
105
The evoked potentials to epidural spinal stimulation were investigated 2 to 3 weeks after the 106 surgery. The experiments were performed with the individual relaxed in a supine position. In 107 participant A45, the data was also recorded during standing with body weight load (BWL) of 108 60%. The Bodyweight Support System (Innoventor, St Louis, MO, USA) with a harness in 109 combination with manual assistance were used to provide body weight support during standing.
110
The stimulation current had a rectangular, biphasic, pulse waveform with a pulse duration of 210 111 μs. Using 0.5 V increments, the stimulation intensity was increased from 0.5 to 10 V, or the 112 maximum tolerable intensity, whichever was less. In some cases, the stimulation caused a 113 tightness in the abdominal area at higher intensities; therefore, maximum intensity was kept 
Data analysis
135
The digitized MG, TA, VL, MH, GL, and IL EMG time series were full-wave rectified after 136 subtraction of the mean background EMG. The latency of the response was defined as the time 137 between the stimulus and the moment when the EMG activity reached levels higher than the 138 mean baseline EMG plus three times its standard deviation. The magnitude of the evoked 
Results
165
The stimulation resulted in visible single twitches in multiple muscles at higher stimulation occurred with larger magnitude at the rostral configuration ( Fig. 2A) , whereas the responses in 175 distal muscles, such as MG or TA, occurred at lower stimulation intensities and had the largest 176 magnitude using the caudal configuration (Fig. 2B ). wide-field stimulation, the latency was significantly shorter in most muscles at the maximum 225 stimulation intensity (Fig. 6) .
226
In the supine position, the changes of the ER and MR components of the evoked responses 227 during wide-field stimulation differed substantially from those recorded during standing (BWL 228 9 of 60% in participant A45) (Fig. 7-8) . The thresholds of the responses were considerably lower 229 in supine as compared to the standing position (Fig. 7A-B, 8 ). The magnitude of the ER and MR 230 was larger in MG during standing (Fig. 7A) , and in TA during supine (Fig. 7B) . The MR 231 amplitudes were higher during standing (Fig. 7B, 8B) . A dramatic difference between the two 232 positions occurred in the LLR (Fig. 7C, 8 ). In the supine position, the LLR was prominent only 233 in flexors (TA, IL, MH), whereas that was suppressed in extensors (except of VL during rostral 234 stimulation) (Fig. 7C, 8) . The most pronounced occurrence of the LLR was present during the 235 mild to medium stimulation intensities, and its manifestation seemed to be reciprocal with the 236 ER and MR development (Fig. 8, TA and IL) . During standing, the LLR was suppressed in 237 flexors: completely in TA and MH, and substantially in the IL; whereas, the irregular and 238 asynchronous long latency activity was present in the extensors (MG) (Fig. 7C) . (Fig. 5, Fig. 6 ), and concur with prior reports obtained in experiments with In this case, the excitability of interneuronal circuits can be more extensively modulated in 343 absence of or rarely occurring direct activation of motor pools (Gad et al. 2013) . 
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Our data provide evidence that in the absence of supra-spinal descending drive, the human The motor score is based on the examination of 10 key muscles on each side. For each 
